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EP 0 813 550 B1 

Description 

Field of the invention 

s [0001] The present invention relates to a process for the preparation of (co)polymers which employs cyclic ketone 
peroxides and to the use of these cyclic ketone peroxides as initiators in (co)polymerization. 

Background of the invention 

10 [0002] A wide variety of peroxy compounds is known from the literature as initiators for polymer production. A fairly 
great number of these are commercially used. See, for example, the product catalogue of Akzo Nobel entitled "Initiators 
for polymer production", 1992, in which several dozens of initiators for radical polymerization have been mentioned 
under the trademarks Laurox®, LucidoKB), Perkadox® and Trigonox®. Other examples of commercially available initi- 
ators are included in the Akzo Nobel range of products sold under the trademarks Butanox® and Cyclonox®, 

75 respectively 1 ). 

[0003] Commercially available initiators for polymer production may be classified in different chemical groups, which 
include diacylperoxides, peroxydicarbonates, dialkylperoxides, peroxyesters, peroxyketals, hydroperoxides, and ke- 
tone peroxides. 

[0004] Various ketone peroxides have also been described in the literature as radical polymerization initiators in the 

20 (co)polymerization of ethylenically unsaturated monomers. 

[0005] For example, U.S. Patent 3,149,126 discloses some peroxides derived from the interaction of 1,3- and 
1 ,4-diketones, which are said to be useful inter alia as catalysts in polymerization reactions and in the cross-linking of 
polymers. The cyclic ketone peroxide identified as Compound VII is only obtained in an analytical amount and described 
as very volatile, sensitive to shock and exploding with considerable brisance. 

25 [0006] U.S. Patent 3,003,000 discloses a group of peroxides which are said to be useful as catalysts in polymerization 
reactions and as accelerators of diesel fuel combustion. These formulations may include cyclic ketone peroxides which 
are formed in side reactions leading to cyclic condensations products. However, the compositions disclosed in this 
reference clearly contain only minor amounts of cyclic ketone peroxides. 

[0007] U.S. Patent 3,632,606 discloses fluorinated organic cyclic peroxides which are stated to be much more stable 
30 thermally than the corresponding hydrocarbon cyclic peroxides, which can be used, besides their utility as oxidants, 
as polymerization initiators. 

[0008] German Offenlegungsschrift 21 32 31 5 discloses trimeric cycloketone peroxides and in particular tricycloalkyli- 
denperoxides are said to be useful as initiators for polymerization. The disclosure merely concentrates on synthetical 
aspects of preparing these structures. 
3$ [0009] British Patent 827,511 discloses formulations of ketone peroxides in paraffin ic diesel oil. These formulations 
may include cyclic ketone peroxides though the goal of this publication is to minimize the amount of cyclic peroxide 
present in the compositions and thus such compositions contain only minor amounts of cyclic ketone peroxides. More- 
over, the reference does not suggest the use of these formulations in polymer production. 

[0010] British Patent 912,061 discloses formulations of ketone peroxides in dimethyl phthalate and paraffinic diesel 
40 oil. These formulations may contain minor amounts of cyclic ketone peroxides. No teaching was given with respect to 
the possible use as initiators for polymerization. 

[0011] British Patent 1,072,728 discloses stabilized ketone peroxide compositions formulated in safety solvents 
which are selected from alcohols and glycols. Such compositions optionally contain diluents other than the safety 
solvents, such diluents being phthalate esters. These ketone peroxide formulations also contain only minor proportions 
45 of cyclic ketone peroxides. Again, no teaching was given as to the possible use as polymerization initiators. 

[0012] International Patent Applications PCT/EP95/02829 and PCT/EP95/ 02830, both filed on July 14, 1995 and 
not prepublished, disclose transportable, storage stable cyclic ketone peroxide compositions comprising 1.0-90% by 
weight of one or more cyclic ketone peroxides and 1 0-99% by weight of one or more diluents selected from the group 
of liquid phlegmatizers, plasticizers, solid polymeric carriers, inorganic supports, organic peroxides, and mixtures there- 
to of, as well as the use of these cyclic ketone peroxide formulations in the modification of (copolymers. 

[0013] Commercial formulations of methylethyl ketone peroxide and methylisobutyl ketone peroxide are known to 
be mixtures of several different ketone peroxide compounds, among which the non-cyclic ketone peroxides predomi- 
nate. However, these ketone peroxides do contain some small quantities of cyclic ketone peroxides which result from 
side reactions during the preparation of the methylethyl and methylisobutyl ketone peroxides. For example, in com- 
55 mercially available methylethyl ketone peroxides about 1 -4% of the total active oxygen content is attributable to cyclic 
ketone peroxides. 

[0014] Although the aforementioned peroxides are known for use in the initiation of polymerization reactions, their 
1 > Laurox®, LuckJol®, Perkadox®, Trigonox®, Butanox® and Cyclonox® are registered trademarks of Akzo Nobel N.V. 
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performance in, for example, acrylic (co)polymerization and the curing of unsaturated polyesters at highertemperatures 
(i.e. above about 100°C), is disappointing and they often cause yellowing of the polymer. Furthermore, many commer- 
cially available peroxides generate undesired by-products. 

[001 5] Accordingly, there remains a need in the art for polymerization initiators which provide improved performance. 
These and other objects of the present invention will be apparent from the summary and detailed description of the 
present invention which follow. 

Summary of the invention 

[0016] In one aspect, the present invention relates to a process for the preparation of (co)polymers of ethylenically 
unsaturated monomers employing a peroxide composition comprising at least one organic peroxide as an initiator. The 
process is further characterized in that at least 20%, preferably from about 50%, for example 60%, and most preferably 
about 70% of the total active oxygen content of the organic peroxide is attributable to at least one cyclic ketone peroxide 
selected from peroxides represented by the formulas MM: 
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wherein R^Re are independently selected from the group consisting of hydrogen, C r C 20 alkyl, C 3 -C 20 cycloalkyl, C 6 - 
C20 ary1, c 7' c 20 aralkyl and C 7 -C 20 alkaryl, which groups may include linear or branched alkyl moieties; and each of 
R r R6 may be optionally substituted with one or more groups selected from C-,-C 20 alkyl, linear or branched, C 3 -C 20 
cycloalkyl, C 6 -C 20 aryl, C^-C^ aralkyl, hydroxy, CVC^ alkoxy, C 6 -C 20 aryloxy, C 7 -C 20 aralkoxy, C 7 -C 20 alkaryloxy, 
RiCfOJO- R 1 OC(0)- > halogen (in particular chorine and bromine), carboxy, nitrile and amido; or R.,/R 2l R3/R4 and Rg/ 
R 6 each may, together with the carbon atom to which they are attached, form a 3 to 20 atoms membered cycloaliphatic 
ring which may be optionally substituted with one or more groups selected from C r C 20 alkyl, linear or branched, C 3 - 
Cjjq cycloalkyl, Cq-C^ aryl, C 7 -C 20 aralkyl, hydroxy, C r C 20 alkoxy, Cg-C^ aryloxy, C 7 -C 20 aralkoxy, C 7 -C 20 alkaryloxy, 
R-jCfOJO-, R^CfO)-, halogen (in particular chorine and bromine), carboxy, nitrile and amido. 
[0017] In another aspect, the present invention also relates to new cyclic ketone peroxides with the formulas I -1 1 1 
wherein Rj-Re have the meanings defined above, and to compositions containing such new compounds. 
[001 8] In still another aspect, the present invention relates to the use of an organic peroxide composition wherein at 
least 20%, preferably from about 50%, for example 60%, and most preferably about 70% of the total active oxygen 
content is attributable to at least one cyclic ketone peroxide selected from peroxides represented by the formulas Nil 
wherein R^Re nave tne same meaning as defined above; to prepare (co)polymers. 

[0019] The peroxides of the formulas Mil provide a performance in polymer initiation processes which is superior to 
their non-cyclic dialkyl ketone peroxide counterparts and comparable to the performance of other commercially avail- 
able types of peroxides. They offer the further advantage that the amount of undesirable by-products which are gen- 
erated by side-reactions of the peroxides during their decomposition, is considerably reduced. 

Detailed description of the invention 

[0020] The word "(co) polymer" as used in this application should be interpreted to mean "polymers and copolymers". 
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The term "ketone peroxide" as used in this application should be interpreted to include peroxides derived from both 
ketones and aldehydes. 

[0021] The peroxides of the formulas Ml I can be made by reacting a ketone with hydrogen peroxide as is described 
in U.S. Patent 3.003,000; Uhlmann, 3rd Edition, Vol. 13, pp. 256-57 (1962); the article, "Studies in Organic Peroxides. 
s XXV. Preparation, Separation and Identification of Peroxides Derived from Methyl Ethyl Ketone and Hydrogen Peroxide, 
" Milas, N.A. and Golubovic, A., J. Am. Chem. Soc, Vol. 81, pp. 5824-26 (1959), Organic Peroxides, Swern, D. editor, 
Wiley-lnterscience, New York (1 970) and Houben-Weyl Methoden der Organische Chemie, E1 3, Volume 1 , page 736, 
the disclosures of which are hereby incorporated by reference. 

[0022] Suitable ketones for use in the synthesis of the present peroxides include, for example, acetone, acetophe- 
10 none, methyl-n-amyl ketone, ethylbutyl ketone, ethylpropyl ketone, methylisoamyl ketone, methylheptyl ketone, meth- 
ylhexyl ketone, ethylamyl ketone, dimethyl ketone, diethylketone, dipropyl ketone, methylethyl ketone, methylisobutyl 
ketone, methylisopropyl ketone, methylpropyl ketone, methyl-t-butyl ketone, isobutylheptyl ketone, diisobutyl ketone, 
2,4-pentanedione, 2,4-hexanedione, 2,4-heptanedione, 3,5-heptanedione, 3,5-octanedione, 5-methyl-2,4-hexanedi- 
one, 2,6-dimethyl-3,5-heptanedione, 2,4-octanedione, 5,5-dimethyl-2,4-hexanedione, 6-methyl-2,4-heptanedione, 
15 1-phenyl-1,3-butanedione, 1-phenyl-1 ,3-pentanedione, 1,3-diphenyl-1,3-propanedione, 1-phenyl-2,4-pentanedione, 
methylbenzyl ketone, phenylmethyl ketone, phenylethyl ketone, methylchloromethyl ketone, methylbromomethyl ke- 
tone and coupling products thereof. Suitable cyclic ketones include cyclopentanone, 2-methylcyclopentanone, 3-meth- 
ylcyclopentanone, cyclohexanone, 2-methylcyclohexanone, 3-methylcyclohexanone, 4-methylcyclohexanone, 4-t-bu- 
tylcyclohexanone, 4-t-amylcyclohexanone, 4-methoxycyclohexanone, 3,3,5-trimethylcyclohexanone, 2-chlorocy- 
20 clohexanone, cycloheptanone, cyclooctanone, 2-chlorocyclooctanone, cyclononanone, cyclodecanone, cyclounde- 
canone, cyclododecanone, cyclotridecanone, cyclotetradecanone, cyclopentadecanone, cyclohexadecanone, cy- 
cloheptadecanone, cyclooctadecanone, cyclononadecanone and cycloeicosanone. 

[0023] Of course, other ketones having the appropriate R groups corresponding to the peroxides of the formulas I- 
(II can be employed, as well as mixtures of two or more different ketones. Such mixtures also include mixtures of 
25 different ketones leading to mixed dimers and mixed trimers, mixtures of dimers of different ketones, mixtures of trimers 
of different ketones and mixtures of dimers and trimers of different ketones. 

[0024] Examples of preferred peroxides of the formulas l-lll for use in accordance with the present invention are the 
cyclic ketone peroxides derived from acetone, acetylacetone, methylethyl ketone, methylpropyl ketone, methylisopro- 
pyl ketone, methylbutyl ketone, methylisobutyl ketone, methylamyl ketone, methylisoamyl ketone, methylhexyl ketone, 
30 methylheptyl ketone, diethyl ketone, ethylpropyl ketone, ethylamyl ketone, cyclopentanone, cyclohexanone, 2-meth- 
ylcyclohexanone, 3,5,5-trimethylcyclohexanone, cyclododecanone, and mixtures thereof. In the compounds of formula 
II, preferably no more than one or two cycloaliphatic rings are present. 

[0025] The peroxides can be prepared, transported, stored and applied as such or in the form of, e.g., powders, 
granules, flakes, pastes and solutions. These formulations may optionally be phlegmatized, as necessary depending 

35 on the particular peroxide and its concentration in the formulation. 

[0026] Which of these forms is to be preferred partly depends on the ease of feeding the peroxide into the polymer- 
ization process. Also, considerations of safety may play a role to the extent that phlegmatizers may have to be incor- 
porated in certain compositions to ensure their safety. As examples of suitable phlegmatizers may be mentioned solid 
carrier materials such as inert plasticizers, solvents and inert diluents such as silicone oils, white oils, high boiling 

40 hydrocarbons such as isododecane, and water. 

[0027] The present cyclic ketone peroxides are well suited for use as initiators for polymer production and in particular 
the preparation of acrylic (co)polymers, polystyrene, polyethylene and the curing of unsaturated polyester resins (by 
processes such as SMC, BMC, pulltrusion, etc). In styrene polymerization, when using the cyclic ketone peroxides of 
the present invention, a low residual monomer content is achieved by either suspension or bulk polymerization. Ac- 

45 cordingty, in one aspect the present invention comprises a process for the preparation of acrylic (co)polymers, ethylenic 
(co)polymers, styrenic (co)polymers, and, at higher temperatures (i.e. above about 100°C), unsaturated polyesters, 
using the cyclic ketone peroxides represented in formulas I, II and III. 

[0028] In the present invention, polymerization is conducted by any conventional process, except that a specified 
radical polymerization initiator (or composition) is used. The polymerization processes may be carried out in the usual 
50 manner, for example in bulk, suspension, emulsion or solution. In the case of production of ethylene (co)polymers the 
reaction is usually carried out under high pressure, e.g. about 1000 to about 3500 bar. 

[0029] The amount of the initiator, which varies depending on the polymerization temperature, the capacity for re- 
moving the heat of polymerization, and, when applicable, the kind of monomer to be used and the applied pressure, 
should be an amount effective to achieve polymerization. Usually, from 0.001-25% weight of peroxide, based on the 
55 weight of the (co)polymer, should be employed. Preferably, from 0.001 -20% weight and most preferably from 0.001 -15% 
weight of peroxide is employed. 

[0030] The polymerization temperature for most reactions within the present invention is usually 50° to 450°C, pref- 
erably 120* to 350°C. When it is below 50°C, the polymerization time becomes too long. However, when it exceeds 
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450° C, the radical polymerization initiator is spent in the initial stage of the polymerization, making it difficult to attain 
a high conversion. In order to reduce the amount of unreacted monomer, however, it is also possible to conduct po- 
lymerization using a temperature profile, e.g. to perform the initial polymerization at 90°C and then elevate the tem- 
perature above 11 5°C to complete the polymerization. These variations are all known to the man skilled in the art, who 
5 will have no difficulty in selecting the reaction conditions of choice, depending on the particular polymerization process 
and the specific radical polymerization initiator to be used. 

[0031] In order to clearly distinguish the present cyclic ketone peroxides from prior art ketone peroxides which con- 
tained some cyclic ketone peroxides as an impurity therein, it is required that at least 20 percent of the total active 
oxygen content of the peroxide(s) employed in the (co)polymerization process of the present invention be attributable 

10 to one or more cyclic ketone peroxide(s). More preferably, the cyclic ketone peroxides provide at least 50 percent of 
the total active oxygen content of the composition which is employed in the polymerization process, for example 60%. 
Most preferably, at least 70% of the total active oxygen content of the peroxide composition used in the (co)polymer- 
ization process is attributable to the cyclic ketone peroxide(s). Comparative examples included herein demonstrate 
the advantages of these cyclic ketone peroxides over their non-cyclic counterparts. 

'5 [0032] During (co)polymerization, the formulations may also contain the usual additives and fillers. As examples of 
such additives may be mentioned: stabilizers such as inhibitors of oxidative, thermal or ultraviolet degradation, lubri- 
cants, extender oils, pH controlling substances such as calcium carbonate, release agents, colorants, reinforcing or 
non -reinforcing fillers such as silica, clay, chalk, carbon black and fibrous materials such as glass fibers, plasticizers, 
diluents, chain transfer agents, accelerators and other types of peroxides. These additives may be employed in the 

20 usual amounts. 

[0033] Suitable monomers for polymerization using the cyclic ketone derived peroxides according to the present 
invention are olefinic or ethylenically unsaturated monomers, for example substituted or unsubstituted vinyl aromatic 
monomers, including styrene, ot-methylstyrene, p-methylstyrene and halogenated styrenes; divinylbenzene; ethylene; 
ethylenically unsaturated carboxylic acids and derivatives thereof such as (meth)acrylic acids, (meth)acrylic esters, 

25 2-ethylhexyl acrylate, 2-ethylhexyl methacrylate, and glycidyl methacrylate; ethylenically unsaturated nitriles and 
amides such as acrylonitrile, methacrylonitrile and acrylamide; substituted or unsubstituted ethylenically unsaturated 
monomers such as butadiene, isoprene and chloroprene; vinyl esters such as vinyl acetate and vinyl propionate; eth- 
ylenically unsaturated dicarboxylic acids and their derivatives including mono- and diesters, anhydrides and imides, 
such as maleic anhydride, citraconic anhydride, citraconic acid, itaconic acid, nadic anhydride, maleic acid, fumaric 

30 acid, aryl, alkyl and aralkyl citraconimides and maleimides; vinyl halides such as vinyl chloride and vinylidene chloride; 
vinylethers such as methylvinylether and n-butylvinylether; olefins such as isobutene and 4-methylpentene; allyl com- 
pounds such as (di)allyl esters, for example diallyl phthalates, (di)allyl carbonates, and triallyl (iso)cyan urate. 
[0034] Unsaturated polyester resins that can be cured by the cyclic ketone peroxides according to the present in- 
vention usually include an unsaturated polyester and one or more ethylenically unsaturated monomers. Suitable po- 

35 lymerizable monomers include styrene, a-methylstyrene, p-methylstyrene, chlorostyrenes, bromostyrenes, vinylbenzyl 
chloride, divinylbenzene, diallyl maleate, dibutyl fumarate, triallyl phosphate, triallyl cyanurate, diallylphthalate, diallyl 
f umarate, methyl (met)acrylate, n-butyl (met)acrylate, ethyl acrylate, and mixtures thereof, which are copolymerizable 
with the unsaturated polyesters. The unsaturated polyesters are, for example, polyesters as they are obtained by 
esterifying at least one ethylenically unsaturated di- or polycarboxylic acid, anhydride or acid halide, such as maleic 

40 acid, fumaric acid, glutaconic acid, itaconic acid, mesaconic acid, citraconic acid, allylmalonic acid, tetrahydrophthalic 
acid, and others, with saturated and unsaturated di- or polyols, such as ethylene glycol, diethylene glycol, triethylene 
glycol, 1,2- and 1,3-propanediols, 1,2-, 1,3- and 1,4-butanediols, 2,2-dimethyl-1,3-propanediols, 2-hydroxymethyl- 
2-methyl-1 ,3-propanediol, 2-buten-1 ,4-diol, 2-butyn-1 ,4-diol, 2,4,4-trimethyM ,3-pentanediol, glycerol, pentaerythritol, 
mannitol, and others. The di- or polycarboxylic acids may be partially replaced by saturated di- or polycarboxylic acids, 

45 such as adipic acid, succinic acid and others, and/or by aromatic di- or polycarboxylic acids, such as phthalic acid, 
trimellitic acid, pyromellitic acid, isophthalic acid and terephthalic acid. The acids used may be substituted by groups 
such as halogen. Suitable halogenated acids include, for example, tetrachlorophthalic acid and tetrabromophthatic acid. 
[0035] Finally, the polymerization process of the present invention can be employed to introduce functional groups 
into (co)polymers. This may be accomplished by employing a peroxide of the formulas I -III which contains one or more 

50 functional "R" groups attached thereto. These functional groups will remain intact in the free radicals formed by the 
cyclic ketone peroxides and thus are introduced into the (co)polymer. Conventional polymerization conditions and 
equipment may be used to achieve this object of the present invention. 

[0036] In the case of unsaturated polyester ("UP") resins the application of the cyclic ketone peroxides is confined 
to temperatures >1 00°C. For these temperatures the preparation Trigonox C (t-butyl peroxy benzoate; hereinafter also 
55 referred to as Tx C") is commercially used to a large extent, mostly in combination with more reactive peroxides such 
as t-butyl peroxy-2-ethylhexanoate (Trigonox 21) or bis(4-t-butylcyclohexy! peroxydicarbonate (Perkadox 16). 
[0037] Usually, a temperature of about 100-250°C and more preferably about 100-200°C, is employed. The heating 
time is generally between 0.1 and 30 minutes and, more preferably, between 0.5 and 5 minutes. The reaction is most 
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preferably carried out in a moulding press or pulttrusion die. 

[0038] The advantages of cyclic ketone peroxides according to the invention in the UP application area compared 
with t-butyl peroxy benzoate are the inability of benzene formation and reduction of other volatiles such as t-butanol, 
which are environmental issues. It has been found that cyclic ketone peroxides provide an improved long term stability 
s of the formulations to be used for HPM or pulltrusion, compared with non-cyclic counterparts such as methyl isopropyl 
ketone Type 3. 

[0039] The invention is further illustrated by the following examples which are not to be construed as limiting the 
invention in any way. The scope of the invention is to be determined from the claims appended hereto. 

10 Experimental 

Materials Employed 

Monomers: 

75 

[0040] 

Styrene; methyl methacrylate; methacrylic acid; butyl acrylate; hydroxyethyl methacrylate. 
20 Unsaturated polyester resins: 
[0041] 

Palatal® P17 and Palatal® P18, both ex BASF 

25 

Fillers/additives: 
[0042] 

30 Synolite® 7233-M-1 (LP additive, ex DSM) 

Calcium carbonate Durcal® 5 
Thickening agent LuvatoKS) MK35 
6 mm chopped glass fibers, ex Vetrotex 

Nacconol® 90 F (sodium dodecyl benzene sulphonate ex Stephan Chemie) 
35 Gohsenol® C500 (PVA, ex Nippon Gohsei) 

Internal release agent: zinc stearate 
Tricalcium phosphate (C13-08, ex Budenheim) 

Solvents: 

40 

[0043] 

Solvesso® 100 (aromatic C8-11 solvent, ex Exxon Chemicals) 
Exxate® 700 (isoheptylacetate mixture, ex Exxon Chemicals) 

45 

Initiators: 
[0044] 

so t-Butyl peroxybenzoate (Trigonox C, Akzo Nobel). 

[Theoretical active oxygen content 8.24%]. 

t-Butyl peroxy-2-hexanoate (Trigonox 21, Akzo Nobel). 
[Total active oxygen content 7.0%]. 

55 

t-Butyl peroxy-3,3,5-trimethylhexanoate (Trigonox 42S, Akzo Nobel). 
[Theoretical active oxygen content 6.94%]. 
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Di-t-butyl peroxide (Trigonox B, Akzo Nobel). 
[Theoretical active oxygen content 10.83%]. 



t-Butyl peroxy-2-ethylhexylcarbonate (Trigonox 117, Akzo Nobel). 
5 [Theoretical active oxygen content 6.50%]. 

1,1-Bis(t-butylperoxy) cyclohexane, 75% in high viscous mineral oil 
(Trigonox 22-E75, Akzo Nobel). [Theoretical active oxygen content 12.29%]. 

10 Dibenzoyl peroxide (Lucidol, Akzo Nobel). 

[Theoretical active oxygen content 6.61%]. 

Methylethyl ketone peroxide (Butanox LPT, Akzo Nobel). 
[Total active oxygen content 8.5%]. 

75 

Methylethyl ketone peroxide (MEKP-T3). 
[Total active oxygen content 11 .49%]. 

Methylisopropyl ketone peroxide (MIPKP-T3). 
20 [Total active oxygen content 8.24%]. 

Cyclic methylethyl ketone peroxide (MEKP-cyclic). 
[Theoretical active oxygen content 18.1%]. 

25 Methyl isobutyl ketone peroxide (Trigonox 233, Akzo Nobel). 

[Total active oxygen content 8.04%]. 

Cyclic methyl isobutyl ketone peroxide (MIBKP-cyclic). 
[Theoretical active oxygen content 13.8%]. 

30 

Cyclic methylisopropyl ketone peroxide (MIPKP-cyclic). 
[Theoretical active oxygen content 15.7%]. 

Cyclic 2-methylcyclohexanone peroxide (2-MCHP-cyclic). 
35 [Theoretical active oxygen content 13.0%]. 

Acetylacetone endo peroxide (ACAC endo). 
[Theoretical active oxygen content 24.2%]. 

40 Cyclic diethylketone peroxide (DEKP-cyclic) 

[Theoretical active oxygen content 15.67%]. 

3,4-Dimethyl-3,4-diphenylhexane (Perkadox 58, Akzo Nobel) 
[About 95 % active material]. 

45 

Methods Used In the Examples 

Determination of total active oxygen content of the cyclic and non-cyclic peroxides used 

so [0045] The total active oxygen content was measured by placing 50 ml of glacial acetic acid in a 250 ml round- 
bottomed flask fitted with a ground glass joint, an inlet tube for nitrogen gas, a heating mantle and a 70 cm. long air 
condenser. Nitrogen gas was then passed over the liquid with heating until the liquid boiled. After 2 minutes of boiling, 
5 ml of 770 g/l potassium iodide solution was added and a sample containing approximately 2 meq of active oxygen 
was added to the reaction mixture with mixing. The air condenser was then connected and the contents of the flask 

55 were heated rapidly to boiling and maintained at moderate boiling for 30 minutes. Water (50 ml) was then added through 
the condenser and the condenser was removed from the flask. The reaction mixture was then immediately titrated with 
a 0.1 N sodium thiosulphate solution until the yellow color disappeared. A blank should be run alongside this titration. 
[0046] The total active oxygen may then by calculated by subtracting the volume in ml of sodium thiosulphate solution 
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used in the blank from the amount used in the titration, multiplying this figure by the normality of the sodium thiosulphate 
solution and then by 800, and finally dividing by the mass of the peroxide sample in milligrams. 

Determination of the active oxygen content of the non-cyclic peroxides used 
s ^ " " ^ " " 

[0047] The active oxygen content was measured by placing 20 ml of glacial acetic acid in a 200 ml round-bottomed 
flask fitted with a ground glass joint and an inlet tube for nitrogen gas. Nitrogen gas was then passed over the surface 
of the liquid. After 2 minutes, 4 ml of 770 g/1 potassium iodide solution was added and a sample containing approximately 
1.5 meq of active oxygen was added to the reaction mixture with mixing. The reaction mixture was allowed to stand 
10 for at least 1 minute at 25°C ± 5°C. The reaction mixture was then titrated with a 0.1 N sodium thiosulphate solution 
to colorless end point adding 3 ml of 5 g/l starch solution towards the end of the titration. A blank should be run alongside 
this titration. 

[0048] The active oxygen is then calculated by subtracting the volume in ml of sodium thiosulphate solution used in 
the blank from the amount used in the titration, multiplying this figure by the normality of the sodium thiosulphate 
15 solution and then by 800, and finally dividing by the mass of the peroxide sample in milligrams. 

Analysts of the resulting resins 

[0049] Solids content: Solids content were determined as percentage non-volatile material (30 min. at 150°C). 
20 [0050] Mw and dispersitv (D): Molecular weights were determined by Gel Permeation Chromatography using poly- 
styrene standards. 

[0051] Residual styrene : Residual styrene was determined by GC on a solution of the polymer in dichloromethane 
using n-butylbenzene or t-butylbenzene as an internal standard. 

[0052] In the following examples, all amounts are given in percent by weight, based on the amount of monomer 
25 employed, unless otherwise specified. 

Synthesis Examples 

Preparation of MEKP-cyclic in Solvesso® 100 (Composition A) 

30 

[0053] To a stirred mixture of 17.3 g methylethyl ketone, 8.0 g solvesso 100, 4.4 g demi-water and 16.8 g sulfuric 
acid (70%), 11.7 g of hydrogen peroxide (70%) was added in 15 minutes at 20°C. After a postreaction of 180 minutes 
at this temperature the organic layer was separated. The organic layer was treated 3 times with 1 6.0 g sodium hydroxide 
2N under stirring for 10 minutes at 20°C. The organic layer was washed twice with 10.0 g demi-water. The washed 
35 organic layer was dried with 1 .0 g magnesium sulfate dihydrate and filtrated. The dried organic layer is composition 
A, weight 13.2 g. 

Preparation of MIPKP-cvclic in isododecane (Composition B) 

[0054] To a stirred mixture of 17.2 g methylisopropyl ketone, 4.0 g isododecane and 19.6 g sulfuric acid (50%), 9.7 
g of hydrogen peroxide (70%) was added in 1 0 minutes at 40°C. After a postreaction of 355 minutes at this temperature 
the organic layer was separated. To the organic layer 10 g of water was added and the mixture was neutralized with 
5.5 g sodium hydroxide 4N. The neutralized organic layer was evaporated in vacuo at 20 mbar and 20° C. The residue 
was dried with 0.5 g magnesium sulfate dihydrate and filtrated. The dried organic layer is composition B, weight 1 2.0 g. 

45 

Preparation of MIPKP-cvclic in dibutylphthalate (Composition C) 

[0055] To a stirred mixture of 1 7.6 g methylisopropyl ketone, 8.0 g dibutylphthalate and 9.8 g sulfuric acid (50%), 9.7 
g of hydrogen peroxide (70%) was added in 1 5 minutes at 40° C. After a postreaction of 240 minutes at this temperature 

50 the reaction mixture was poured into 120 ml of demi-water and stirred for 1 5 minutes. In order to obtain a good sepa- 
ration 10 ml of a saturated ammonium sulfate solution was added. The organic layer was separated and treated 3 
times with 10 g sodium hydroxide 4N at 40°C for 10 minutes. The organic layer was washed twice with 10 ml saturated 
sodium chloride solution. The washed organic layer was dried with 0.5 g magnesium sulfate dihydrate, filtrated and 
filter washed with 2.0 g dibutylphthalate. To the dried organic layer 8 g dibutylphthalate was added, giving composition 

55 C, weight 22.3 g. 
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Preparation of MIBKP-cyclic in isododecane (Composition D) 

[0056] To a stirred mixture of 20.0 g methylisobutyl ketone, 3.0 g isododecane and 19.6 g sulfuric acid (50%), 9.7 g 
of hydrogen peroxide (70%) was added in 1 5 minutes at 20°C. After a postreaction of 300 minutes at this temperature, 

s the temperature was increased to 25° C for another postreaction of 1080 minutes at this temperature, followed by a 
temperature increase to 30° C and a postreaction of 120 minutes at this temperature, followed by a temperature increase 
to 40°C and a postreaction of 240 minutes at this temperature. The organic layer was then separated. To the organic 
layer 15.0 g sodium hydroxide 4N was added and the mixture was stirred for 120 minutes at 40°C. The neutralized 
organic layer was separated and washed twice with water. The mixture was evaporated in vacuo at 20 mbar and 20° C. 

10 The residue still contained 2 layers. The clear organic layer was decanted and dried with 0.3 g magnesium sulfate 
dihydrate and filtrated. The dried organic layer is composition D, weight 11.6 g. 

Preparation of DEKP-cvclic in isododecane (Composition E) 

15 [0057] To a stirred mixture of 17.6 g diethyl ketone, 8.0 g isododecane and 9.8 g sulfuric acid (50%), 9.7 g of hydrogen 
peroxide (70%) was added in 15 minutes at 40°C. After a postreaction of 360 minutes at this temperature the organic 
layer was separated. The organic layer was treated 3 times with 20 ml sodium hydroxide 4 N for 30 min at 40° C. The 
organic layer was separated and washed twice with 10 ml saturated sodium chloride solution at 20°C. The organic 
layer was dried with magnesium sulfate dihydrate, filtrated and the filter was washed with 2.0 g isododecane. The dried 

20 organic layer was diluted with 10.4 g isododecane giving composition E, weight 43.9 g. 

Preparation of MEKP-T3 in isododecane (Composition F) 

[0058] To a stirred mixture of 21.6 g methylethyl ketone, 22.5 g isododecane and 5.9 g sulfuric acid (50%), 23.3 g 
25 of hydrogen peroxide (70%) was added in 60 minutes at 20° C. After a postreaction of 60 minutes at this temperature 
the organic layer was separated. The organic layer was neutralized with 3.0 g solution of sodium bicarbonate (6%). 
The neutralized organic layer was dried with 1 .3 g magnesium sulfate dihydrate and filtrated. The dried organic layer 
was diluted with 7.2 g isododecane giving composition F, weight 55.2 g. 

30 Preparation of MIPKP-T3 in Solvesso® 100 (Composition G) 

[0059] To a stirred mixture of 126.6 g methylisopropyl ketone, 1 50 g hexane and 28.2 g sulfuric acid (50%), 112.2 g 
of hydrogen peroxide (70%) was added in 30 minutes at 20° C. After a postreaction of 90 minutes at this temperature 
the organic layer was separated. To the organic layer 30.0 g solution of sodium bicarbonate (6%) was added followed 
35 by the dosing of 1 00 g solution of sodium sulfite (20%) in 30 minutes at 20°C. The reaction mixture was stirred for an 
additional 30 minutes at this temperature. The obtained organic layer was washed with 100 ml of water and dried with 
1 5 g magnesium sulfate dihydrate and filtrated. The weight of the dried organic layer was 281 g. To 1 50 g of this solution 
70 g solvesso 100 was added. The mixture was evaporated in a rotavapor at 20°C and 10 mbar. The residue is com- 
position G, weight 1 36 g. 

40 

Preparation of 2-MCHP in styrene (Composition H) 

[0060] To a stirred mixture of 1 50 g 2-methylcyclohexanone, 540 g acetic acid (99%) and 5.7 g sulfuric acid (50%), 
73 g of hydrogen peroxide (70%) was dosed in 45 min. at 50-55°C. After a postreaction of 1 80 min. at 50°C the reaction 
45 mixture was poured into 1500 ml of water. The obtained mixture was extracted 3 times with 100 ml of pentane. The 
pentane extracts were combined and subsequently washed 3 times with 1 00 ml of water, 1 00 ml of sodium bicarbonate 
solution (6%) and 100 ml of water. The washed pentane extracts were placed into a glass dish and the volatile com- 
ponents were allowed to evaporate. The residue, sticky crystals, weighted 42 g. To the residue was added 44.3 g of 
styrene. The obtained mixture is composition H, weight 86.3 g. 

50 

Preparation of ACAC endo in dibutylphthalate (Composition I) 

[0061] To 100 g acetylacetone, 97 g hydrogen peroxide (70%) was dosed in 30 min at 25-28° C. After a postreaction 
of 30 min at 40°C the reaction mixture was evaporated at 40-45°C and 10 mbar. The residue weight 156 g, which 
55 formed on cooling to 20°C a waxy crystal mass. A mixture of 31 g of the waxy crystal mass and 40 g of acetic acid 
(99%) was heated to 80°C and stirred for an additional 30 min at this temperature. To the obtained mixture 75 g of 
dibutylphthalate was added. After cooling of the reaction mixture, 100 ml of water was added. The organic layer was 
separated and washed 5 times with 50 ml of water. The washed organic layer was subsequently dried with 5 g mag- 
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nesium sulfate dihydrate and filtrated through a G-2 glass filter. The dried organic layer was diluted with 50 g dibutyl- 
phthalate to composition I, weight 50 g. 

Preparation of MIPKP-cyclic in PrimoKB) 352 (Composition J) 

s 

[0062] To a stirred mixture of 105.5 g methyl isop ropy I ketone and 66.6 g hydrochloric acid (36%) which was precooled 
to 0°C, 72.6 g of hydrogen peroxide (30%) was added in 30 mi n at this temperature. After a postreaction of 300 min 
at this temperature, 200 g of water and 40 g of Primol® 352 was added to the reaction mixture. The organic layer was 
separated and washed 3 times with 50 ml of sodium hydroxide 4 N. The obtained organic layer was then washed 3 
10 times with 50 g of water till neutral, dried with 5 g magnesium sulfate dihydrate and filtrated. The dried organic layer 
was evaporated in vacuo at 25 mbar and 35°C. The residue was dried with 0.5 g magnesium sulfate dihydrate and 
filtrated. The dried residue was diluted with 96.7 g PrimoKB) 352, giving composition J, weight 174.5 g. 

Preparation of MEKP-cyclic in Primol® 352 (Composition K) 

15 

[0063] To a stirred mixture of 28.8 g methylethyl ketone, 1 3.5 g Primol 352 and 1 4.0 g sulfuric acid (70%), 1 9.4 g of 
hydrogen peroxide (70%) was added in 20 min at 40°C. After a postreaction of 1 20 min at this temperature, the organic 
layer was separated and treated with 10.0 g of a solution of sodium hydrogencarbonate (6%) under stirring for 10 min 
at 20° C. The neutralized organic layer was dried with 1 .0 g magnesium sulfate dihydrate and filtrated. The dried organic 
20 layer was composition K, weight 41 .9 g. 

Analysis of the prepared ketone peroxides 

[0064] 

25 



Composition 


Total % A.O. D 


% A.O. non-cyclic ketone peroxides 

2> 


% A.O. cyclic ketone peroxides 3 > 


A 


9.88 


0.59 


9.29 


B 


7.86 


0.44 


7.42 


C 


2.11 


n.d. 


n.d. 


D 


8.03 


0.49 


7.54 


E 


2.09 


n.d. 


n.d. 


F 


11.49 


11.08 


0.41 


G 


n.d. 


8.24 


n.d. 


H 


2.00 


n.d. 


n.d. 


I 


1.35 


n.d. 


n.d. i 


J 


6.88 


n.d. 


n.d. 


K 


10.92 


0.33 


10.59 


Tx 233 4 > 


8.04 


7.9 


0.10 



1) Determination of total % active oxygen (A.O.) of the peroxides used (non-cyclic and cyclic): see Methods Used in the Examples. 

2) Determination of the % active oxygen (A.O.) of the non-cyclic ketone peroxides: see Methods lteed in the Examples 

3) The difference of 1 minus 2 gives % active oxygen (A.O.) of the cyclic ketone peroxides. 

4) Commercial product on the basis of non-cyclic MIBKP-T3 
n.d.: Not determined 

50 

Testing of cyclic ketone peroxides as polymerization initiators 

I. High Temperature Curing (>100°C) 

55 [0065] The area of High Temperature Curing consists of Hot Press Moulding (HPM) such as SMC, BMC, ZMC, TMC 
but also pulltruslon. These techniques are described in the Handbook of Thermoset Plastics, Chapter 4: "Unsaturated 
Polyester and Vinyl Ester Resins", ed. S. H. Goodman. 
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Comparative Example A 

[0066] A BMC formulation was prepared by mixing the ingredients by means of a Z-blade Mixer for 5 min. After a 
thickening period of 7 days the BMC was pressed at 150°C^75 bar pressure on SMC-Reactomer of SMC Technologie 
5 Aachen. The curing performance was measured by changes in displacement, temperature and pressure, measured 
by senors in the mould cavity. The residual styrene was determined by extraction in dichloromethane followed by GC- 
ana lysis. 

The BMC formulation consists of: 

w 

[0067] 

100 parts of resin (e.g. Palatal® P17 ex BASF) 
200 parts of filler Durcal® 5 
is - 75 parts of 6 mm chopped glass fibers 
5 parts zinc stearate 
5 parts of styrene 

1 .5 parts Luvatol® MK35 (thickening agent) 
1 .5 parts of Trigonox C 

20 

[0068] The BMC was pressed at 150°Cfor 150 seconds. The Maximum Flow Time (MFT) in sec, Minimum Moulding 
Time (MMT) in sec. and Residual Styrene (RS) in % are mentioned in Table 1 below. 

Example 1 

25 

[0069] Instead of 1 .5% of Trigonox C, the cyclic methylisopropyl ketone trimer (MIPKP cyclic) in Primol 352 (Com- 
position J) was used on equal "active oxygen" content compared with Trigonox C. The shelflife of the prepared BMC 
paste showed to be longer than two months at 30°C. The results are mentioned in Table 1 below. 

30 Comparative Example B 

[0070] Instead of 1 .5% of Trigonox C, the non-cyclic methylisopropyl ketone peroxide (MIPKP T3) in Solvesso® 100 
was used on equal active oxygen content compared with Trigonox C. The shelflife of the prepared BMC paste showed 
to be less than 1 week at 30°C. The results are mentioned in Table 1 below. 

35 

Comparative Example C 

[0071] For application with a Class A surface a L(ow) P(rofile) additive, the Synolite 7233-M-1 was used. As binder 
systems the Palatal P18 (65 parts) and the Synolite 7233-M-1 (35 parts) were used instead of Palatal P17. As initiator 
40 system a combination of Trigonox C and Trigonox 21 was used in a ratio of 1.25/0.25%. The BMC formulation was 
prepared in the same way as described in Example 1 . The results are mentioned in Table 1 below. 

Example 2 

45 [0072] Instead of 1 .25% of Trigonox C (see Comparative Example C), the cyclic methyl isopropyl ketone (MIPKP- 
cyclic) in DBP (Composition C) was used on equal active oxygen content compared with Trigonox C. The results are 
mentioned in Table 1 below. 

Example 3 

50 

[0073] Instead of 1.25% of Trigonox C (see Comp. Example C), the cyclic 2-methylcyclohexanone peroxide 
(2-MCHP-cyclic) in styrene (Composition H) was used on equal active oxygen content compared with Trigonox C. The 
results are mentioned in Table 1 below. 

55 Example 4 

[0074] Instead of 1 .5% of Trigonox C (see Comparative Example A), the acetyl acetone cyclic peroxide in dibutyl- 
phthalate (Composition I) was used on equal active oxygen content compared with Trigonox C. The results are men- 



11 



EP 0 813 550 B1 

tioned in Table 1 below. 



Table 1 



| Results of BMC moldings 




Peroxide (%) 


MFT (sec) 


MMT (sec) 


RS (%) 


Ex. A; Trigonox C 


1.5 


19 


41 


0.05 


Ex. 1; MIPKP cyclic 


1.5 


19 


42 


0.02 


Ex. B; MIPKP T3 


1.5 


15 


36 


0.3 


Ex. C; Trigonox C / Trigonox 21 


1.25/0.25 


12 


30 


0.02 


Ex. 2; MIPKP cyclic / Tx21 


1.25/0.25 


12 


30 


0.04 


Ex. 3; 2-MCHP cyclic / Tx21 


1 .25/0.25 


13 


31 


0.18 


Ex. 4; ACAC endo 


1.5 


31 


79 


0.67 



II. High solids acrylics 

20 [0075] Cyclic ketone peroxides were tested for the production of high solids acrylic resins. The properties of the 
resins produced using the cyclic ketone peroxides were compared to those of resins produced using non-cyclic ketone 
derived peroxides and initiators currently used in industry for this type of polymerization. 
[0076] The initiators were tested in polymerization under the following conditions: 

25 Monomer mixture 

[0077] 

40 pbw butyl acrylate 
so 28 pbw hydroxy ethyl methacrylate 

20 pbw styrene 
10 pbw methyl methacrylate 
2 pbw methacrylic acid 
+ 40 pbw solvent 

35 

Initiator concentration: As indicated in Table 2 below. 

[0078] The initiator was added to the monomers in the amount indicated in Table 2 below. This mixture was added 
to the solvent kept at the indicated reaction temperature in about 4 hrs. The reaction was continued for about 1 hr after 
40 the addition of the monomers/initiator mixture was completed. 

[0079] Results for the developmental cyclic ketone peroxides and comparative non-cyclic ketone peroxides and 
initiators currently used in industry are given in Table 2 below. 



45 
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55 
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[0080] From these experiments it can be concluded that the cyclic ketone peroxides according to the invention can 
be used to prepare clear, colorless low molecular weight acrylic resins, whereas the polymerization initiated by their 
non -cyclic counterparts is a fierce, heavily refluxing reaction, which gives lower conversion and results in colored, 
relatively high molecular weight resins. 

III. Expandable Polystyrene (EPS) 



[0081] In order to judge its performance in EPS, cyclic methylisopropyl-ketone peroxide was tested as second stage 
initiator (to reduce residual styrene) and compared to other initiators applied to this purpose in expandable polystyrene 
10 production. 



Conditions of polymerization 



[0082] The suspension polymerization of styrene was carried out in a one liter stainless steel autoclave equipped 
is with one baffle and a three blade impeller. 



Recipe 


Water 


260 g 


Styrene 


250 g 


Tricalcium phosphate . 


125 g 


Polyvinylalcohol 


25 mg 


Na-dodecylbenzenesulphonate 


20 mg 


Dibenzoyl peroxide 


0.98 meq/100 g styrene 


Second stage initiator 


0.46 meq/100 g styrene 



30 



35 



40 



45 



50 



55 



Temperature scheme 



20-90°C I 1 .56 °C/min. heating rate 

90°C j 4.25 hrs (first stage) 

90-1 30°C j 0.66 °C/min. heating rate 

1 30*0 I 3 hrs (second stage) 



[0083] At the end of the first stage the reactor was pressurized with nitrogen (5 bars). After polymerization the reaction 
mixture was acidified to pH 1 and stirred for approximately 30 min to remove all tricalcium phosphate. 
[0084] Subsequently the beads were: 

washed with demineralized water to pH > 6 

washed with water containing 25 mg/kg of Armostat 400 

dried for 5 hours at room temperature. 

[0085] The results of the evaluation are given in Table 3 below. 

Table 3 



Expandable polystyrene 


Example 


Initiator 


Characteristics of the resulting EPS Residual styrene (% w/w) 


15 


MIPKP-cyclic (Composition B) 


0.24 


Non-cyclic ketone peroxides 


M 


MIPKP-T3 


4.4 


Other initiators currently used in industry 


N 


Trigonox C 


0.21 


O 


Trigonox 117 


0.25 
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[0086] It can be concluded from these experiments that the cyclic methylisopropyl ketone peroxide is an effective 
second stage catalyst to reduce residual styrene in EPS. The resulting residual styrene level is much lower than the 
level obtained when using non-cyclic methylisopropyl ketone peroxide and similar to that obtained using commercial 
initiators currently used in industry. 

5 

IV. Styrene buty lacry late copolymers 

[0087] Certain cyclic ketone peroxides according to the invention were tested as initiators for the mass copolymer- 
ization of styrene and n-butyl acrylate. Mass polymerizations were carried out in 3 ml brown glass ampoules. The 
10 monomer mixture of styrene (80 parts by weight) and n-buty lacry late (20 parts by weight) was polymerized at 120 °C, 
using an initiator concentration of 0.75 meq/100 g of monomer mixture. The results are given in Table 4 below. 



Table 4 



I Example 


Initiator 


Characteristics of the sty rene/butacry late resin 






Conversion after 10 hrs (%) 


Mw kg/mol 


Mn kg/mol 


D 


16 


MIPKP-cyclic (Composition B) 


98.9 


450 


200 


2.2 


Non-cyclic ketone peroxides 


P 


MIPKP-T3 (Composition G) 


79.6 


430 


180 


2.3 


Other initiators currently used in industry 


Q 


Trigonox C 


99.9 


310 


120 


2.6 | 


R 


Trigonox 22-E75 


96.2 


370 


150 


2.4 | 



[0088] It can be concluded from these experiments that the cyclic ketone peroxides according to the invention are 
excellently suited for the high conversion bulk polymerization of styrene acrylic copolymers. The resulting resin has a 
higher molecular weight than obtained when using commercially available initiators like Trigonox C and Trigonox 
22-E75. The non-cyclic ketone peroxide MIPKP-T3 does not provide an acceptable conversion. 

30 

V. Styrene mass-polymerization 

[0089] To evaluate the effectiveness of cyclic ketone derived peroxides as chaser catalyst to reduce residual styrene 
in the last stages of styrene mass polymerization, a styrene polymer (Mw 260.000, Mn 95.000) was swollen with 20% 
35 styrene monomer. To 100 g of this polymer/monomer mixture 0.03 meq. initiator was added. Mass polymerizations 
were carried out in 3 ml brown glass ampoules. These ampoules were put in an oil bath at room temperature. Tem- 
perature was increased to 180°C in about 20 min. and kept at 180°C for 4 hrs, after which the ampoules were taken 
form the oil bath and allowed to cool to room temperature. Residual styrene levels after 4 hrs of polymerization as 
determined by GC are shown in Table 5. 

40 

Table 5 



Example 


Initiator 


Residual styrene concentration (% w/w) | 


17 


MEKP-cyclic (Composition K) 


3.0 I 


S 


No initiator (thermal) 


5.5 J 


Other initiators currently used in industry | 


T 


Perkadox 58 


4.5 | 



[0090] From these experiments it can be concluded that the cyclic ketone peroxide used is more efficient in the 
reduction of residual styrene than the commercial product Perkadox 58. 



Claims 

55 

1. A polymerization process using a peroxide composition comprising at least one organic peroxide to initiate the 
(co)-polymerization of unsaturated monomers under conditions whereby at least some of said organic peroxide is 
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decomposed, characterized in that at least 20% of the total active oxygen content of the organic peroxide is at- 
tributable to at least one cyclic ketone peroxide selected from peroxides represented by the formulas Nil: 



wherein R-, -R 6 are independently selected from the group consisting of hydrogen, C r C 2 o alky'. C 3 -C 20 cycloalkyl, 
C 6 -C 20 aryl, C 7 -C 2 o aralkyl and C 7 -C 20 alkaryl, which groups may include non-cyclic or branched alkyl moieties; 
and each of R^Rs may be optionally substituted with one or more groups selected from C^C^ alkyl, linear or 
branched, C 3 -C 20 cycloalkyl, Cg-C^ aryl, Cj-C^ aralkyl, hydroxy, C^-C^ alkoxy, C 6 -C 20 aryloxy, C r C 20 aralkoxy, 
c 7 _c 20 alkaryloxy, R^OJO-, R^CCO)-, halogen, carboxy, nitrile and amido; or R 1 /R 2 , R3/R4 and Rs/R 6 each 
may, together with the carbon atom to which they are attached, form a 3 to 20 atoms membered cycloaliphatic ring 
which may be optionally substituted with one or more groups selected from C-,-C 20 alkyl, non-cyclic or branched, 
Ca-C^ cycloalkyl, C 6 -C 20 aryl, C 7 -C 20 aralkyl, hydroxy, CVC^ alkoxy, Ce-C^ aryloxy, C 7 -C 20 aralkoxy, C 7 -C 20 
alkaryloxy, R.,C(0)0-, R.,OC(0)-, halogen, carboxy, nitrile and amido. 

The process of claim 1 wherein in the formulas HI I, R^Rq are independently selected from hydrogen and C r C 5 
alkyl groups. 

The process of claim 1 or 2 wherein the polymerization reaction is carried out at a temperature of 50-450°C and 
the total amount of organic peroxide is 0.001 -25% by weight, based on the weight of the (co)polymer. 

The process of claim 3 wherein the polymerization is carried out at a temperature of 100-350°C, the total amount 
of organic peroxide is 0.001-15% by weight, based on the weight of the monomers and at least 50% of the total 
active oxygen content employed in the process is attributable to one or more cyclic ketone peroxides of the formulas 
Mil. 

The process of any one of claims 1 -4 wherein said organic peroxide comprises a peroxide selected from the group 
consisting of cyclic acetone peroxide, cyclic acetylacetone peroxide, cyclic methylethyl ketone peroxide, cyclic 
methylpropyl ketone peroxide, cyclic m ethyl isop ropy I ketone peroxide, cyclic methylbutyl ketone peroxide, cyclic 
methylisobutyl ketone peroxide, cyclic methyl-n-amyl ketone peroxide, cyclic methylisoamy! ketone peroxide, cyclic 
methylhexyl ketone peroxide, cyclic methylheptyl ketone peroxide, cyclic ethylpropyl ketone peroxide, cyclic ethyl- 
butyl ketone peroxide, cyclic ethylamyl ketone peroxide, cyclic diethyl ketone peroxide, cyclic cyclopentanone 
peroxide, cyclic cyclohexanone peroxide, cyclic 2-methylcyclohexanone peroxide, cyclic 3,5,5-trimethyl-cyclohex- 
anone peroxide, cyclic cyclododecanone peroxide, and mixtures thereof. 

A process of any one of claims 1 -5 wherein an unsaturated polyester resin and one or more ethylenically unsatu- 
rated monomers are cured at a temperature greater than 100°C. 

A process of any one of claims 1 -6 wherein at least one of the unsaturated monomers is selected from substituted 
or unsubstituted vinyl aromatic monomers, olefins, ethylenically unsaturated carboxylic and dicarboxylic acids and 
derivatives thereof, ethylenically unsaturated nitriles and amides, butadiene, isoprene, chloroprene, vinyl esters, 
vinyl halides, vinyl ethers, and aliyl compounds. 

A process of any one of claims 1-7 wherein the process is a bulk, solution, suspension, or emulsion process, the 
bulk and/or the solution processes comprising radical polymerization processes which are conducted at pressures 
up to 3500 bar. 

Use of an organic peroxide composition comprising at least one organic peroxide, wherein at least 20% of the total 
active oxygen content of said organic peroxide is attributable to at least one cyclic ketone peroxide selected from 
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peroxides represented by the formulas Mil: 
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wherein R^Re are independently selected from the group consisting of hydrogen, C r C 20 alky!, C 3 -C 20 cycloalkyl, 
Cg-CgQ aryl, C 7 -C 2 o aralkyl and C 7 -C 20 alkaryi, which groups may include non-cyclic or branched alkyl moieties; 
and each of R^io may be optionally substituted with one or more groups selected from C^C^ alkyl, linear or 
branched, Cg-C^ cycloalkyl, C^C^ aryl, CyC^ aralkyl, hydroxy, C^C^ alkoxy, Ce-C^ aryloxy, C 7 -C2o aralkoxy, 
C 7 -C 20 alkaryloxy, R^OJO-, R 1 OC(0)-, halogen, carboxy, nitrile and amido; or R 1 /R 2 , R3/R4 and Rg/Re each 
may, together with the carbon atom to which they are attached, form a 3 to 20 atoms membered cycloaliphatic ring 
which can be optionally substituted with one or more groups selected from C-j-C^ alkyl, non-cyclic or branched, 
C 3 -C 20 cycloalkyl, C 6 -C 20 aryl, C 7 -C 20 aralkyl, hydroxy, C r C 20 alkoxy, Cg-C^ aryloxy, C 7 -C 20 aralkoxy, C 7 -C 20 
alkaryloxy, R-,C(0)0-, R.,OC(0)-, halogen, carboxy, nitrile and amido; to prepare (co)polymers. 
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Patentanspruche 



1. Polymer isationsverf ah ren unter Verwendung einer Peroxidzusammensetzung, die mindestens ein organisches 
Peroxid enthalt, um die (Co)-Polymerisation von ungesattigten Monomeren unter Bedingungen zu initiieren, bei 
30 denen mindestens ein Teil des organischen Peroxids zersetzt wird, dadurch gekennzeichnet, dass mindestens 

20% des gesamten Gehalts an aktivem Sauerstoff in dem organischen Peroxid mindestens einem cyclischen 
Ketonperoxid zuzuschreiben ist, das gewahlt ist aus Peroxiden entsprechend den Formeln I bis III 



40 



45 
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R 2 O O R4 



(I) 



"■1 *2 



(ID 



o o 



(III) 



worin R, bis R 6 unabhangig von einander gewahlt sind aus der Gruppe bestehend aus Wasserstoff, Cj-C^-Alkyl, 
Cg-C^-Cycloalkyl, Cg-C^-Aryl, C^CgQ-Arakyl und C^ao-Alkaryl, welche Gruppen nichtcyclische oderverzweig- 
te Alkylgruppen enthalten konnen und wobei jedes R^Rg gegebenenfalls durch eine Oder mehrere Gruppen sub- 
stituiert ist, die gewahlt sind aus linearem oder verzweigtem Cj-C^-Alkyl, Cg-C^-Cycloalkyl, C 6 -C 20 -Aryl, C^C^- 
Aralkyl, Hydroxy, C 1 -C 20 -Alkoxy, C 6 -C 20 -Aryloxy, C r C 20 -Ara!koxy, C^C^-Alkaryloxy, RjCpjO-, R^CfO)-, Ha- 
logen, Carboxy, Nitril und Amido, oder wobei R-,/R 2 , R3/R4 und Rg/Rg jeweils zusammen mit dem Kohlenstoffatom, 
an dem sie hangen, einen 3 bis 20 C-Atomen enthattenden cycloaliphatischen Ring bilden konnen, der gegebe- 
nenfalls durch ein oder mehrere Gruppen substituiert ist, die gewahlt sind aus nicht cyclischen oder verzweigten 
CVC^-Alkyl, C 3 -C 20 -Cycloalkyl, Ce-CgQ-Aryl, Cy-C^-Aralkyl, Hydroxy, C r C 20 - Alkoxy, Cq-C^- Aryloxy, tyc^- 
Aralkoxy, C^C^-Alkaryloxy, R^OJO-, R^CfO)-, Halogen, Carboxy, Nitril und Amido. 
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2. Verfahren nach Anspruch 1 , bei dem Rj-Re in den Formeln I bis III unabhangig gewahlt sind aus Wasserstoff und 
C A -C 5 -Alkylgruppen. 

3. Verfahren nach Anspruch 1 oder 2, bei dem die Polymerisationsreaktion bei einer Temperatur von 50-450° C durch- 
5 gefuhrt wird und der Gesamtanteil am organischen Peroxid 0,001-25 Gew.% betragt, bezogen auf das Gewicht 

des (Co)Polymeren. 

4. Verfahren nach Anspruch 3, bei dem die Polymerisation bei einer Temperatur von 100-350°C durchgefuhrt wird, 
wobei der gesamte Anteil an organischem Peroxid 0,001-15 Gew.%, bezogen auf das Gewicht der Monomeren, 

io betragt und wobei mindestens 50% des im Verfahren verwendeten Gesamtgehalts an aktivem Sauerstoff einem 

oder mehreren cyclischen Ketonperoxiden der Formeln l-lll zuzuschreiben sind. 



75 



20 



Verfahren nach einem der Anspruche 1-4, bei dem das organische Peroxid ein Peroxid enthalt, das gewahlt ist 
aus der Gruppe bestehend aus cyclischem Acetonperoxid, cyclischem Acetylacetonperoxid, cyclischem Methyle- 
thylketonperoxid, cyclischem Methylpropylketonperoxid, cyclischem Methyl isop ropy Ike ton peroxid, cyclischem 
M ethyl butylketon peroxid, cyclischem Methylisobutylketonperoxid, cyclischem Methyl-n-amylketon peroxid, cycli- 
schem Methyl isoamylketonperoxid, cyclischem Methylhexylketon peroxid, cyclischem Methylheptylketonperoxid, 
cyclischem E thy Iproylketon peroxid, cyclischem Ethylbutylketon peroxid, cyclischem Ethylamylketonperoxid, cycli- 
schem Diethylketonperoxid, cyclischem Cyclopentanonperoxid, cyclischem Cyclohexanonperoxid, cyclischem 
2-Methylcyclohexanonperoxid, cyclischem 3, 5, 5-Trim ethyl -cyclohexanonperoxid, cyclischem Cyclododecanon- 
peroxid und Mischungen hiervon. 
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6. Verfahren nach einem der Anspruche 1 -5, bei dem ein ungesattigtes Polyesterharz und ein oder mehrere ethyle- 
nisch ungesattigte(s) Monomere(n) bei einer Temperatur von uber 100°C vernetzt bzw. gehartet werden. 

7. Verfahren nach einem der Anspruche 1-6, bei dem mindestens eines der ungesattigten Monomeren gewahlt ist 
aus substituierten oder unsubstituierten vinylaromatischen Monomeren, Olefinen, ethylenisch ungesattigten Car- 
bon- und Dicarbonsauren sowie Derivaten hiervon, ethylenisch ungesattigten Nitrilen und Amiden, Butadien, Iso- 
pren, Chloropren, vlnylestem, Vinylhalogeniden, Vlnylethern und Allylverbindungen. 

8. Verfahren nach einem der Anspruche 1 -7, bei dem das Verfahren ein Massen-, Losungs-, Suspensions- oder 
Emulsionspolymerisationsverfahren ist, wobei die Masse- und/oder die Losungsverfahren radikalische Polymeri- 
sationsprozesse umfassen, die bei Drucken von bis zu 3500 bar durchgefuhrt werden. 



35 9. Verwendung einer organischen Peroxidzusammensetzung, die mindestens ein organ isches Peroxid enthalt, worin 
mindestens 20% des gesamten aktiven Sauerstoffgehaltsdes organischen Peroxids mindestens einem cyclischen 
Ketonperoxid zuzuschreiben sind, das gewahlt ist aus Peroxiden entsprechend den Formeln l-lll: 
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worin V\ y bis R 6 unabhangig von einander gewahlt sind aus der Gruppe bestehend aus Wasserstoff, C-j-C^-Alkyl, 
c 3* c 20" c y c,oa,k y'. C 6 -C2o-Aryl, Cy-C^-Aralkyl und C 7 -C 20 -Alkaryl, welche Gruppen nichtcyclische oderverzweig- 
te Alkylteile enthalten konnen, und wobei jedes R^Re gegebenenfalls durch eine oder mehreren Gruppen substi- 
tuiert ist, die gewahlt sind aus linearem oder verzweigtem C 1 -C 20 -Alkyl, C 3 -C2 0 -Cycloalkyl l C 6 -C20"Aryl, Cy-CgQ- 
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Aralkyl, Hydroxy, C^C^- Aikoxy, C 6 -C 20 -Aryloxy, C 7 -C 20 -Aralkoxy, Cy-C^-Alkaryloxy, ^0(0)0-, R^CfO)-, Ha- 
logen, Carboxy, Nltril und Amido, oderwobei Bi/B 2 , FtyR4 und Rg/Rg jeweils zusammen mit dem Kohlenstoffatom, 
an dem sie hangen, einen 3 bis 20 C-Atomen enthattenden cycloaliphatischen Ring biiden konnen, der gegebe- 
nenfalls durch eineodermehrereGruppen substituiert ist, diegewahltsind aus nicht cyclischem oderverzweigtem 
5 C r C2 0 -Alkyl, C 3 -C2o-Cycloalkyl, Ce-C^-Aryl, Cj-C^- Aralkyl, Hydroxy, ^-C^- Aikoxy, Cg-C^- Aryloxy, ^-C^- 

Aralkoxy, C 7 -C 20 -Alkaryloxy, RjCtOJO-, R^CfO)-, Halogen, Carboxy, Nitril und Amido, zur Herstellung von (Co) 
Polymeren. 



10 Revendications 

1. Un precede de polymerisation faisant emploi d'une composition peroxydique comprenant au moins un peroxyde 
organique pour amorcer la (co) -polymerisation de monomeres insatures dans des conditions dans lesquelles au 
moins une partie dudit peroxyde organique est decomposed, caracteris6 en ce qu au moins 20% de la teneur en 
is oxygene actif total du peroxyde organique est attribuable a au moins un peroxyde cetonique cyclique choisi parmi 

les peroxydes representes par les formules Mil: 




30 formules dans lesquelles: 

R 1 -R 6 sont independamment Tun de I'autre choisis dans le groupe consistant en I'atome d'hydrogene, les radicaux 
alkyle en C 1 -C 20 . cycloalkyle en C 3 -C 20 , aryle en C6-C20, aralkyle en Cy-Cgo et alkaryle en C 7 -C 20 , lesquels 
groupes peuvent inclure des residus alkyliques ramifiees ou non cycliques et chacun des radicaux R A a Rg pouvant 
etre eventuellement substitue par un ou plusieurs groupes choisis parmi les radicaux alkyles en C r C 20l lineaire 

35 ou ramifie, cycloalkyle en C 3 -C 20> aryle en Cg-C^, aralkyle en ^-C^, hydroxy, aikoxy en C 1 -C 20 , aryloxy en C 6 - 

C 20> aralkoxy en Cy-C^, alkaryloxy en Cj-C^, F^CPJO-, RTOCfO)-, ou les groupes halogene, carboxy, nitrile et 
amido; ou R 1 /R 2 , R3/R4 et R 5 /R 6 peuvent former chacun, en association avec I'atome de carbone auquel ils sont 
lies, un cycle cycloaliphatique forme de 3 a 20 atomes qui peut etre eventuellement substitue par un ou plusieurs 
groupes choisi parmi les radicaux alkyle en C r C 20 , non-cyclique ou ramifie, cycloalkyle en C 3 -C 20> aryle en C 6 - 

40 c 20 , aralkyle en Cy-C^, hydroxy, aikoxy en C-,-C 20) aryloxy en C 6 -C 20 , aralkoxy en C 7 -C 20 , alkaryloxy en Cy-C^, 

R^O)©-, R^CfO)-, halogene, carboxy, nitrile et amido. 



2. Le precede selon la revendication 1, dans lequel, dans les formules I a III, R 1 -R 6 sont independamment les uns 
des autres choisis dans le groupe comprenant I'atome d'hydrogene et les groupes alkyles en C r C 5 . 

45 

3. Le proced6 selon la revendication 1 ou 2 dans lequel la reaction de polymerisation est effectuee a une temperature 
comprise entre 50 et 450°C et la quantite totale de peroxyde organique utilisee est de 0,001 a 25% en poids, 
exprime par rapport au poids du (co)polymere. 

50 4. Le precede selon la revendication 3 dans lequel la polymerisation est mise en oeuvre a une temperature comprise 
entre 100 et 350°C, la quantite totale de peroxyde organique etant de 0,001 a 15% en poids, exprime par rapport 
au poids des monomeres et au moins 50% de la teneur en oxygene actif totale employe dans le precede est 
attribuable a un ou plusieurs peroxydes cetoniques cycliques de formule I a III. 

55 5. Le precede selon I'une quelconque des revendications 1 a 4, dans lequel ledit peroxyde organique comprend un 
peroxyde choisi dans le groupe consistant en les peroxyde acetonique cyclique, peroxyde acetylacetonique cy- 
clique, peroxyde methylethyl cetonique cyclique, peroxyde methylpropyl cetonique cyclique, peroxyde methyliso- 
propyl cetonique cyclique, peroxyde methylbutyl cetonique cyclique, peroxydes methylisobutyl cetonique cyclique, 
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peroxydes methyl-n-arnyl cetonique cyclique, peroxyde methylisoamyl cetonique cyclique. peroxyde methylhexyl 
cetonique cyclique, peroxyde methylheptyl cetonique cyclique, peroxyde ethylpropyl cetonique cyclique, peroxyde 
ethylbutyl cetonique cyclique, peroxyde ethylamyl cetonique cyclique, peroxyde diethyl cetonique cyclique, pe- 
roxyde cyclopentanonique cyclique, peroxyde cyclohexanonique cyclique, peroxyde 2-methylcyclohexanonique 
cyclique, peroxyde 3,5,5-trimethyl-cyclohexanonique cyclique, peroxyde cyclododecanonique cyclique, et leurs 
melanges. 

Un procede selon Tune quelconque des revendications 1 a 5 dans lequel une resine polyester insaturee et un ou 
plusieurs monomeres a insaturation ethylenique sont durcis a une temperature superieure a 100°C. 

Un procede selon Tune quelconque des revendications 1 a 6 dans lequel au moins un des monomeres insatures 
est choisi parmi les monomeres vinylaromatiques subtitues ou non substitues, les ol6fines, les acides carboxyli- 
ques a insaturation ethylenique et les acides dicarboxyliques a insaturation ethylenique ainsi que leurs derives, 
les amides et nitriles a insaturation ethylenique, le butadiene, I'isoprene, le chloroprene, les esters de vinyle, les 
halogenures de vinyle, les ethers de vinyle, et les composes allyliques. 

Un procede selon I'une quelconque des revendications 1 a 7 dans lequel le procede est mis en oeuvre en masse, 
en solution, en suspension ou en emulsion, les precedes en masse et/ou en solution comprenant des precedes 
de polymerisation radicalaires qui sont mis en oeuvre a des temperatures pouvant atteindre 3500 bar. 

Utilisation d'une composition peroxydique organique dan le but de preparer des copolymeres, ladite composition 
comprenant au moins un peroxyde organique, dans lequel au moins 20% de la teneur en oxygene actif totale dudit 
peroxyde organique est attribute a au moins un peroxyde cetonique cyclique choisi parmi les peroxydes repre- 
sented par les tormules Mil: 




formules dans lesquelles: 

Rj-Rg sont independamment Tun de Pautre choisis dans le groupe consistant en I'atome d'hydrogene, les radicaux 
alkyle en C,-C 2 o. cycloalkyle en C^C^ aryle en C 6 -C 20 , aralkyle en C 7 -C 20 etalkaryle en 07-020, 'esquels groupes 
peuvent inclure des residus alkyliques ramifiees ou non cycliques et chacun des radicaux R-, a R 6 pouvant etre 
eventuellement substitue par un ou plusieurs groupes choisis parmi les radicaux alkyles en C^C^. lineaire ou 
ramifie, cycloalkyle en C 3 -C2o» aryl© en C e -C2o, aralkyle en C7-C20, hydroxy, alkoxy en C r C 20 . aryloxy en Cg-C^, 
aralkoxy en C 7 -C 20 , alkaryloxy en C 7 -C 20 , R^OJO-, R^CfO)-, ou les groupes halogene, carboxy, nitrile et amido; 
ou R^Rg, R3/R4 et Bq/Bq peuvent former chacun, en association avec Patome de carbone auquel ils sont lies, un 
cycle cycloaliphatique forme de 3 a 20 atomes qui peut etre eventuellement substitue par un ou plusieurs groupes 
choisi parmi les radicaux alkyle en C r C 20l non-cycliqueou ramifie, cycloalkyle en 03-0^, aryle en Cg-C^, aralkyle 
en Cy-C^, hydroxy, alkoxy en Ct-C^, aryloxy en Cg-C^, aralkoxy en 07-020, alkaryloxy en C 7 -C 20 , R^C^O-, 
R^CfO)-, halogene, carboxy, nitrile et amido. 
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